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Francisco J. Ayala is University 
Professor and Donald Bren Professor 
of Biological Sciences at the University 
of California, Irvine. He was born in 
Madrid, and studied at the Universities 
of Madrid and Salamanca in Spain. In 
1961, he came to Columbia University, 
where he obtained a Ph.D. in 1964 in 
genetics and evolution. In 1967, he 
was appointed assistant professor at 
Rockefeller University in New York. 
He moved in 1971 to the University of 
California, Davis, and in 1987 to the 
University of California, Irvine where 
he is professor in the Department of 
Ecology and Evolutionary Biology in 
the School of Biological Sciences, as 
well as Professor of Philosophy in the 
School of Humanities, and of Logic and 
Philosophy of Science in the School 
of Social Sciences. He is a prolific 
author or articles and books, and has 
made singular contributions to many 
areas of population and evolutionary 
genetics, but also to education, 
philosophy, ethics, religion and national 
science policy. He is a member of the 
U.S. National Academy of Sciences, 
the American Academy of Arts and 
Sciences, The American Philosophical 
Society, and of numerous foreign 
academies. He has received numerous 
medals, awards and prizes and  
15 honorary degrees from universities 
in seven different countries. In 2002, 
President George W. Bush awarded 
him the National Medal of Science at 
the White House. He has been called 
the “Renaissance Man of Evolutionary 
Biology” by The New York Times.
How did you get interested in 
biology in the first place? I come 
from a large Spanish family, but I am 
the only one who became a scientist. 
All my other family members are 
in business; they have law or MBA 
degrees. My first science class, in 
the Catholic school I attended in 
Madrid, was taught by Father Pedro, 
a gentle soul, who would catch 
fire when explaining science. I was 
hooked; I wanted to be a scientist. I 
studied physics at the University of 
Madrid and afterwards philosophy 
and theology at the University of 
Salamanca. Around 1957, I read The 
Phenomenon of Man by P. Teilhard de 
Q & A Chardin, and decided that evolution was the subject to which I wanted 
to dedicate my life. Some Spanish 
scientists put me in touch with 
Theodosius Dobzhansky, one of the 
twentieth-century giants of evolution. 
I came to New York in 1961 to study 
under his mentorship.
How was it working with 
Dobzhansky? He was a great mentor. 
Dobzhansky was an experimentalist. 
He worked in the laboratory every 
day, usually using the microscope. 
He was an original and profound 
thinker, whence his very fundamental 
contributions to the theory of evolution. 
For my Ph.D., I conducted a variety 
of experiments with Drosophila 
fruitflies. Dobzhansky was interested 
in philosophical issues, related to 
evolution and biology. He appreciated 
my formal training in philosophy 
and we would engage in lengthy 
discussions about philosophical issues 
related to evolution and beyond, 
usually at his home after having dinner 
together. In 1971, I accepted a faculty 
position at the University of California, 
Davis. He had just retired from 
Rockefeller University and decided to 
move to Davis. By this time, he had 
become almost a member of my family. 
He was the best man at my wedding 
in 1968. He often played with my two 
children. He died of heart failure on 
the morning of December 18, 1975, 
in my car, as I was rushing him to the 
hospital. The previous day he had been 
working in the laboratory as usual.
You have recently been in the 
news because of a PNAS paper 
on malaria — what was it about? 
Malaria is one of mankind’s worst 
scourges, accounting for 500 million 
clinical cases and nearly two million 
infant deaths per year, mostly in  
sub-Saharan Africa. Malignant malaria 
is caused by a nasty protozoan, called 
Plasmodium falciparum. We have 
shown that the parasite evolved from  
a relative called P. reichenowi that 
infects chimpanzees. Only one isolate 
of the chimp parasite was available 
until recently. Under the leadership  
of Stephen Rich of the University  
of Massachusetts, Amherst, and 
Nathan Wolfe of Stanford University 
in Palo Alto, California, a team of 
researchers in Africa were able to 
obtain eight additional isolates of  
P. reichenowi from blood of wild-born 
chimps. DNA gene sequences show that the chimpanzee parasite is older. 
Phylogenetic analysis shows that the 
global populations of P. falciparum 
derive from a single branch of the  
P. reichenowi tree, likely through one 
single transmission from a chimp to a 
human, mediated by a mosquito.
Your research in Dobzhansky’s 
laboratory at Columbia University 
was with Drosophila fruitflies — 
why and when did you change 
your research organism? I have 
not changed my research organism, 
I have added new ones. I continue 
working on the evolutionary genetics 
of Drosophila, but malaria and other 
parasitic protozoa are fascinating 
creatures, which, in addition to their 
great significance for human health, 
open up opportunities for new 
evolutionary discoveries.
When did you begin studying 
parasitic protozoa? Chagas disease, 
caused by Trypanosoma cruzi, is a 
major cause of infirmity and death in 
South America. In the early 1980s I 
received a letter from Michel Tibayrenc, 
a French doctor working in La Paz, 
Bolivia, under the sponsorship of 
the French government. Tibayrenc 
had read my small book, Biologie 
Moléculaire et Évolution, which 
included the text of five lectures I had 
delivered in December 1979 at the 
Collège de France in Paris. That book 
had, in turn, directed him to a paper I 
had published in 1972, “Allozymes as 
diagnostic characters of sibling species 
in Drosophila”. Tibayrenc was working 
on Chagas disease. He thought that  
T. cruzi might be several cryptic 
species, rather than only one. Could the 
new methods for distinguishing cryptic 
species be used with Trypanosoma? 
Tibayrenc got a fellowship from the 
French government and arrived in 
January 1985 in Davis with his wife 
and three very young children. His 
20-month stay resulted in a number of 
jointly-authored papers. In 1990, we 
published in PNAS “A Clonal Theory 
of Parasitic Protozoa”, incorporating 
several discoveries we had made over 
the previous several years. It turns out 
that his tentative hypothesis of cryptic 
species in T. cruzi was not correct. 
What we found was, however, much 
more interesting. Although T. cruzi is 
a diploid organism with capacity for 
sexual reproduction, it actually almost 
exclusively reproduces clonally. Later 
on, we discovered that other parasitic 
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What are orchid bees? Orchid 
bees are a remarkable group of 
insect pollinators (~200 spp.) that 
occur exclusively in the lowland 
forests of the Neotropical Region. 
Most orchid bees are brightly 
colored and have an elongated 
proboscis for obtaining nectar 
from tubular flowers (Figure 1A). All 
species of orchid bees belong to a 
single monophyletic clade, dubbed 
Euglossini, which translates as the 
‘true long-tongued bees’. Orchid (or 
euglossine) bees have fascinated 
biologists since the time of Darwin, 
mainly because of the intricate 
associations between male bees and 
the hundreds of plant species they 
collectively pollinate as they forage 
for fragrances.
Why do male orchid bees collect 
fragrances? Males of all species of 
orchid bees have unique, specialized 
structures for gathering and storing 
chemical fragrances (perfumes) that 
naturally occur in the bees’ habitat, 
such as those from orchid flowers 
(Figure 1B). When a male orchid bee 
finds a fragrance source, it lands 
on its surface and spreads lipid 
secretions from its labial glands to 
dissolve the compounds that he will 
collect. This method is comparable to 
the so-called enfleurage, a technique 
that perfume manufacturers use to 
extract aromas from plant materials. 
Then, through stereotyped leg 
movements, the male bees transfer 
and store the oily fragrant mixture into 
specialized leg ‘pockets’ located in 
their enlarged hind tibia (Figure 1A). 
Male orchid bees spend much of 
their lives accumulating perfumes, 
which include a wide variety of highly 
volatile terpenoids and aromatics. 
Later, during courtship display, the 
male bees expose their perfumes 
at perching sites. The bouquets are 
thus thought to act as exogenous 
pheromone analogues. It is believed 
that female orchid bees use the 
chemical information contained in the 
male perfumes as fitness indicators 
and/or conspecific signals to avoid 
Quick guideprotozoa, such as those that cause sleeping sickness, leishmaniasis, 
and even malaria, predominantly 
reproduce clonally, which is, of course, 
of considerable medical significance. 
In May 1991, Tibayrenc returned to my 
lab, now at UC Irvine, for 14 months of 
additional research. We have continued 
collaborating to the present.
Are science and religion 
compatible? Evolution and religious 
beliefs need not be in contradiction. 
Indeed, if science and religion are 
properly understood, they cannot be in 
contradiction, because they concern 
different matters. Science and religion 
are like two different windows for 
looking at the world. The two windows 
look at the same world, but they 
show different aspects of that world. 
Apparent contradictions only emerge 
when either the science or the beliefs, 
or often both, trespass their own 
boundaries and wrongfully encroach 
upon one another’s subject matter.
Could intelligent design be taught 
in the schools as an alternative to 
the theory of evolution? Intelligent 
design is not a scientific theory. It 
asserts, first, that organisms have 
been designed for certain functions 
and ways of life. Then, it adds that only 
an omnipotent Creator could account 
for their functional design. Science 
advances explanations concerning the 
natural world, explanations that are 
tested by observation and experiment. 
Intelligent design does not advance 
any scientific hypothesis that can be 
tested by observation and experiment 
(except for some negative claims 
that have been shown to be wrong). 
Intelligent design may be considered 
natural theology, which is what William 
Paley called it in his Natural Theology 
of 1802. It could be taught in history 
or religion classes, but not in science 
classes, because it is not scientific. 
The theory of evolution needs to be 
taught in the schools because nothing 
in biology makes sense without it.
You have said that intelligent design 
is incompatible with the religious 
belief in God: what do you mean? 
One difficulty with attributing the design 
of organisms to the Creator is that 
imperfections, dysfunctions, and cruelty 
pervade the living world. Consider the 
human jaw. We have too many teeth 
for the jaw’s size, so that wisdom teeth 
need to be removed and orthodontists can make a decent living straightening 
the others. Would we want to blame 
God for this blunder? A human engineer 
would have done better. Evolution gives 
a good account of this imperfection. 
Brain size increased by natural 
selection over time in our ancestors. 
The remodeling of the skull to fit the 
larger brain entailed a reduction of the 
jaw, so that the head of the newborn 
would not be too large to pass 
through the mother’s birth canal. More 
disturbing yet for intelligent design 
proponents has to be the following 
consideration. About 20 percent of all 
recognized human pregnancies end in 
spontaneous miscarriage during the 
first two months of pregnancy. This 
misfortune amounts at present to more 
than 20 million spontaneous abortions 
worldwide every year. Do we want to 
blame God for the deficiencies in the 
human reproductive system? Is God, 
as a matter of consequent fact, an 
abortionist on a monumental scale? 
Who are your scientific heroes? 
Dobzhansky is one, as are two of 
his contemporaries, George Gaylord 
Simpson and Ernst Mayr. I came to 
know them first through Dobzhansky, 
when I was still a graduate student at 
Columbia University. I came to befriend 
them, although they were a generation 
older than me. Mayr and I had 
extensive discussions, and frequent 
but friendly disagreements, about 
evolutionary theory. Another hero was 
the philosopher, Karl Popper. In 1972, 
he attended a meeting I had organized 
and became a sort of mentor. Among 
them, Dobzhansky was the most 
tolerant of alternative ideas; he was 
never patronizing, not even when I was 
a graduate student.
What do you do for fun? Research 
and writing about science and related 
issues. I wake up every morning 
anxious to get to my office to work. I 
enjoy teaching. I travel a lot throughout 
the world lecturing at universities, 
but also enjoying the sights and art 
museums. I enjoy classical music, 
ballet and opera, and serve on 
the boards of various institutions 
dedicated to music. And I enjoy a good 
read: literature, history, art, criticism, 
and all sorts of essays.
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